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HeoTpaKaiomnii HeflTpanbHbiw on™ 
<})nribTp MO*eT 6biTb ncnonb30BaH 
paeHOMepHora ocna6neHns 
n3nyHeHnn. cpunbTp BKnioMaer npo3payHyro b 
cneKTpanbHOM fluanasoHe 0,4-0.7 mki 
noAnojKKy, pacnono>KeHHbiPi Ha 
MacTMMHO nponycKaroiUMii CBeT enow 
aHTHOTpajKatomnii cbst cnoR nose 
AHTHOTpawaromnCi cbgt cnofi Bbinc 
OKCHfla TOTana TiO x npn 1<x<2, 



cooTBeTCTBeHHO 0,028-0,03 v, 0,04-0,045 mkm. 
TexHUMecKUki pe3yfibTaT - yweHbaieHwe 
Be/iHMUHbi MHTerpanbHoro K03a>c}>KL(weHTa 
OTpa>KeHnn 



noKa3aieneM nomoineHHS cno* oKcuaa TMTaHa, 
paBHbiM 0,17-0,2. reoMeTpunecKue TonmuHbi 
cnoeB TmaHa n OKCMfla TutaHa cocTas/iHror 
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(54) NON-REFLECTING NEUTRAL OPTICAL FILTER 



iium and titanium oxide correspondingly 
0.028-0 03 and 0.04-0.045 mem. EFFECT: 
mished value of integral reflection 
or and number of layers in filter. 3 dwg 



partially transmitting light located on 
substrate and antireflection layer above it. 
Anlireflection layer is made of titanium oxide 
TiO x , ( with 1 <x <2 where x is oxidation 
degree of titanium oxide ) with absorption 
factor of layer of titanium oxide equal to 
0.17-0.2 Geometric thicknesses of layers of 



i^ 1 




14ao6peTeHne othochtch k o6nacTH 
onTHMecKoro npw6opocTpoeHHH, a mmshho k 

KOTopue MoryT 6biTb ncnonb30BaHU flnn 
paBHOMepHoro ocna6neHiifl naflaromero 
H3nyqeHns npn hh3kom OTpaweHHH b wwpoKoii 
o6nacTn cneiapa. 

HeoTpaxoiomuii HeiiTpanbHbiCi 

KoscpcptmneHTa nponycKaHHn okotio 10%, 

COCTOHU4HH H3 AeBHTH CnOeB! OKCUfla THT3H8 
- OKCMfla 



mkm, pacnonoxeHHbiii h 



a (IV) - 



a (IV) - 



OKCHAa KpewiHun (IV) -HHKena - OKCUfla KpewtHM 
(IV). fluaneKTpuMecKne cnon MMeioT nc 
npenoM/ieHMsi n H =1,45 (okcma KpeMHHH (I 
n B = 2,3 (okcha THTaHa (IV)) (PpMUJUHa 



MeTa/i/iOAnaneKTpuHecKMX noKpbiTuPi. Onr. m 
cneKTp, t. 72, Bbin.4, 1992, c. 1033-1038). 
3Ta KOHCTpyKmw HMeeT HHTerpanbHoe 
OTpa>KeHne B bhahmcm o6nacTM cneiapa 1,32%. 

OcHOBHbiMn HeAOCTaTKaMU Tamro 
HefiTpanbHoro onTHMecKoro cpMfibTpa fmraioTCH, 
ao-nepBbix. cpwibrp MMeeT 6onbiuoe KonnHecTBo 
cnoeB, BO-BTopbix, npn BbWucneHUM 
wcnonb3yK3TCfl onrnqecKne nocToSHHbie 
enw h He yHHTbisaiOTCfl 



S-tKosnes. 



no ToniAUHe, hto npHBOAHT 
paccHHTaHHbix cneKrpanbHbix 
npn TexHUMecKoCi 

KOHCTpyKUHH. 

Han6onee 6nn3KHM k npeanaraeMOMy 
TexHUMecKoiuy peweHHK) no TeXHMHecKoK 
cyiAHOCTH flBnaercfl HeoTpawaramwPi 
HeiiTpanbHbiti onTHHecKMti cpujibTp, cocTOflmnn 
> 3KpaHa, C OAHOB CTOpOHbl 
) HaHeceH cnoii H3 THTaHa TonmMHoCi 
° m AK3ieKTP"MeCKuii cjiom noBepx Hero 

!Aa anroMWHua (III) c noKa3aTeneM 
n=1 ,62 h onTiwecKoii ToninnHOH. 

paBHOfi MSTBSpTM AnHHbl BOJlHbl A<,= 0,45 MKM, 

Ha APyryro CTopoHy KOToporo HaHeceH cnoii 
THTaHa ToniAMHOPi h = 3Q ° (l~l.n. 

AHTn6nnKOBbie noKpbiTHH Ana : 
3KpaHOB AwcnneeB // OnTHMecKHH wypHan, t. 
65, 3, 1998, c. 83-84). 

OcHOBHbiMM HeAOCTaTKaMU npeAnoxeHHoro 
HeoTpa«aiomera HefiTpajibHoro onTHMecKoro 

CpHHbTpa SBnflKJTCS: 

Bbicoroe HHTerpanbHoe 0Tpa«eHMe 
OTpajKeHMe b bhammow o6nacTu 
4-0,7 mkm paBHO 1,76%. a Ha Amine 

MKM BeTIHMHHa OTpa>KeHHfl AOCTHTaeT 



> ABe 

noBepxHOCTH, hto yAHHHfleT TexHonorHMecKMM 
npouecc n3roTOBneHMfi HeoTpawaiomero 
HeCiTpanbHoro onTHMecKoro cpwnbTpa. 

TexHHHecKoH 3aAaneH H3o6peTeHHS 
HBnneTCfl yMeHbiiieHHe HHTerpa/ibHoro 
K03dpcpni4neHTa oTpaweHHS h coKpameHwe 
MHcna cnoeB HeoTparcaiomero HefiTpanbHoro 
onTMnecKoro cpHnbrpa. 

nocTasneHHaa 3aAana pewaeTca 
pa3pa5oTKoii HeoTpawaioinero HefiTpanbHoro 
onTMHecKoro cpHnbrpa, BKnic-iaioLnero noanowKy. 
npo3paHHyio b cneicrpanbHOM Anana30He 0,4-0,7 



aHTMOTpaJKatoiAMfi cBeT cnofi noBepx Hero. 
■ npuHeM aHTHOTpaxaioinHH cnofi BbinonHeH m 
OKCHAa THTaHa TiOx, npn 1<x<2, rAe X - 



reoMeTpHHecKwe TonurHHbi cnoeB thtb; 
OKCHAa THTaHa cocraBraioT 0,028-0,0; 
0,04-0,045 mkm cooTBeTCTBeh 
nornoiiieHHs cnoq OKCHAa THTaHa npn 3tom 
paseH 0.17-0.2. 

Onr. 1 cxeMaTMHecKH npeACTaBnqeT b 
pa3pe3e HeoTpaxaroiiiHfi HeHTpanbHbifi 
OnTHHeCKHH 4>nnbTp. 



npeAnaraeMoro HeoTpa>Kaioinero HenTpanbHoro 
onTHnecKoro (JinnbTpa (KpnBbie 4 h 5 



cpnnbTp (cpnr.1) coctoht H3 

1 , nacTHMHO nponycKaiomero cbi 

2. pacnonoiKeHHoro Ha nc 
aHTMOTpawaiotnero CBeT cnoa 3 noBepx Hero h: 



nornomeHHfl 



«2, tab : 



0,028-0,0: 



paBHbii 

0,04-0,045 k 

3tot HeoTpaxaioiAHH 

onTMHeCKHti CjjHAbTp HMeeT 

aMnnHTyAHbiii Ko3cpcpHL(HeHT OTpa>KeHHH r, 
onpeAennioiMHii cBH3b MexAy aMn/iHTyAOH, 
naAaiooien co cTopoHbi aHTHOTpa>KaK)mero CBei 
cnon 3, n aMnnnTyAoR. oTpajKeHHOH ot 
HeoTpa^aiomero HefiTpanbHoro 



orpaHHMHBaioiUHX cpeA (hcxoahoi 
BenMHHHbi M11, M12, M21, M22 



npenoMneHHa nacTMMHO nponycKaiouiero cseT 



npenoMneHWfi aHTHorpaxoroinero 



ripn <x<2, h 2 m h 3 - reoMerpwH 
aHTMOTpa>Kaiomero ceeT cno? 



CneiapanbH 



I CKaMOK cpa3bi Me«ny aruinnnTyAOM, 
:o cTopoHbi aHTHorpa«aioiii,ero CBeT 
cnosi j, k aMn/iiiTyAoPi, oTpaweHHoPi ot 
HeoTpaxraiomero HefiTparibHoro omwecKoro 
qjMribTpa nnocKoK aneiupoMarHMTHOtf 
bojihh P onpeflendioToa M3 BbipaxeHMn (1). 
TaK, eo/iK orpaHUHUBaioniMe cpeflbi npo3paMHbi u 
yrnbi naaeHns v\ npenoMJieHUfl aeuiecTBeHHbi, to 

HMeiOT MeCTO CO 

R=r.r*; (3) 



TMTaHa TiO x , npn 1<x 

npHBOflST K TOMy, 

eo3flyx - aHTwpTpa)KaioiLiMPi CBeT c/iofi 3 H3 
OKCMfla TMTaHa u aHTMOTpa>KaiciiAMM CBeT cnofi 3 
M3 OKcufla TUTaHa - MacTHMHO nponycKaKHMwPi 
CBeT MeTanrikMecKufi anoR 2 M3 TMTaHa 
HaxoflSTO^ b npoTMBOcpase. OAHOBpeiuieHHo c 
stum KOMnnexcHbiti noKasaTenb npenoMneHun 
aHTMOTpaiomero cseT criofl 3 M3 oKCMAa 

TMTaHa TiO x , 



HeoTpaKaioiAMM HeiiTpanbHbifi onTMMecKMfi 

CjMfTbTp, COCTOflLUMM M3 fip03pa4HOM 

cnempanbHOM AManaaoHe 0,4-0.7 m. 
1 n pacnonoKeHHbix Ha nei>i nocneAOBi 
MacTMMHO nponycKaiomero CBeT cnon 
TMTaHa ToniAMHOM h 2 =0,029 



TiO x , 



R 3 M3 



Re i 



3MTe/lbHyKI I 



PaCCMOTpMM HeOTpa>KaK)LAMfi HeMTpailbHblM 
OnTMHeCKMM CfcMJlbTp C K03CpCpM4MeHTOM 

nponycKaHMR 10% m hmskmm OTpaxeHMeM b 
bmammom o6nacTM cneicrp 0,45-0,7 mkm. flrifl 
oueHKM 6riM30CTM cneirrpanbHbix xapaiaepMCTMK 
nonyMaeMoro noKpbiTMfl k Tpe6yeMbiM 

XapaKTepMCTMKaM BBOflMTCR OL^eHOHHblM 



cpyHKM 



ITCH CMHTe3; 

cneKTpanbHbiii 
KoscpcfcwMMeHT 0Tpa)KeHM3. CMHTe3npyeMoro 
HeoTpaKarainero HeMTpanbHoro onTWHecxoro 
cpwnbTpa. B AaHHOM cnyMae ? H =0,4 mkm, x 2 =0 - 7 

MKM, R(X)=0. 

3aAana CMHTe3a paccMaTpMBaeTcn b 
Bapnai^MOHHOM nocTaHOBKe m cboamtch k 

MMHMMM3amtM CfiyHKllWOHana no TOTltAMHG cnos M 



o ceeT sepxHero 
cnofl 3. B KanecTBe HananbHoro npM6nM«eHMa 
MineTCH peujeHMe R( ~ h , - 0 B °A H0 * 

qeHTpanbHoii cnexTpanbHOM TOMKe x= 0,55 mkm 
m HaxoflMTca Tpe6yeMaa TonmuHa 
aHTMOTpa>KaK)inero CBer cnos 3 h 3 , KOTopan 
npM nonyMeHHOM KOMnneKCHOM noKasaTene 



cnos 3 ~ yAOB/ieTBopneT 3aAaHHOMy 
HyneBOMy KoscpcpMMMeHTy oTpaxffiHMH b stom 



HePiTpaJlbHblPi OnTMHeCKMM CpMTIbTp 

o6ecne^MBaeT MHTerpaxibHoe 0Tpa>KeHMe b 
bmammom o6nacTM cneKTpa <1%. 
HeoTparaioiAMii HeSiTpanbHbiCi onTwnecKMM 
cpMnbTp MMeeT TaKne TonmnHbi mscthmho 
nponycKaiomero CBeT cnoR 2 TMTaHa m 
aHTMOTpa>Kaioinero CBeT cnofl 3 M3 OKCMAa 



K03q3a>MLiMeHTbi OTpaweHMfl npoTOTMna m 
npeflnaraeMoro HeoTpaaraiouiero HeMTpanbHoro 
onTMHecKoro rpmibTpa (KpMBbie 4 m 5 



Ha <t>Mr,3 M3o6pa*eHO ycTpoCicTBO CTpyiiHoro 

BblCOKOHaCTOTHOrO MHAyKL(MOHHOrO (BMH) 

nnasMOTpoHa b AMHaMMMecKOM BaKyyMe, c 



HeoTpaxaiomero HeMTparibHi 

qbMTlbTpa YcTpOPiCTBO COAep>KMT MHflyKTOp 6, 

cneL(ManbHbiM KpoHiuTeiiH 7; pa3pnAHyio KaMepy 
8; py6aujKy oxnaxAeHMH 9, HHAyKTop 6 
npeflCTaB/iReT co6oii TpexBMTKOByio KaTyujKy 
AMaMeTpoM 0,07 u M AnMHOM 0,07 M, 

oxna)KAaeMyio npoTeKaiomeM no Hefi boaom. 
HHAyKTop 6 KpenMTcn Ha cneL(ManbHOM 
KpoHLUTeMHe 7, KOTopbifi no3BonneT nepeMemaTb 
MHAyKTop 6 BAOAb pa 3 pRflHOM KaMepbi 8. 
Pa3pRflHan KaMepa 8 m py6ai±iKa oxnawAeHMfi 9 
npeflCTaBJiaioT ueribHOCBapHyio KOHCTpyKUMK), 
cocTOHLuyio ^3 AByx KoaKcuanbHbix KsapneBbix 
Tpy6oK c npoTeKaiomeM MejKAy hmmm 
oxna>Kflaiomeii boaom rina3MOTpoH KpenMTCfl b 
OTBepCTMM 6a30BOM n^MTbi 10 npM nOMOlAM 
cpnaHi(a 11 m repMeTM3MpyeTCH 
ynnoTHMTeribHbiM KonbuoM 12 M3 BaKyyMHoii 
pe3MHbi. FlpM HanbineHMM McnoAb3yercR 
4a nna3Moo6pa3yiomero ra3a m 



13. 

e Hecrrpawaiomero 
onTMMecKoro cpMribTpa. 
ro noflnoxKy 1 , pacnonoweHHoro Ha 
noATio>KKe HacTMHHo nponycKaramero CBeT cnoa 



3 TMTana TiO x , npn 1<x<2, rAe x 

IKMCTleHMR OKCMA3 TMT3H3, c 

nomoiMeHMR cnoa 3 OKCMfla 
paBHbiM 0,17-0,2, m reoMeTpMMecKMMM 



0,028-0,03 M 0,04-0,045 mkm 

npMBOAMT K yMeHbUjeHMK) 

MHTerpanbHoro OTpaxeHMR m k coKpaiAeHMio 
MMcna cnoeB HeMTpaAbHoro onTMMecKoro 
cfjMribTpa. 

HeoTpa>Kaioii|MM HeMTpanbHbiM onTMMecKMM 
0MAbTp nonynaioT CAeAywiAMM cnoco6oM. 
noAnowKM 1 , npeflCTaBARK>ii(Me co6om Kpyr/ibie 



nnocKonapa/inenbHbie no/iwpoBaHHbie auckm 
onTunecKoro creKna K-8, oHHinaioT sthaobi 
cnnpTOM. 3aTeM noflnoKKH 1 noMew,aioT 
BaKyyMHyio nna3MeHHyio yc 



H3R 



KOTOpyK) 



ripeABapnTejii 

BnocneACTBMH HaHOCHT TpeSyeMbie i 
o6pa6aTbiBaioT nna3MeHHbiM noTOKOM npw 
cneAyiomux peKHMax nna3MeHHOPi ycTaHOBKM: 
HacioTa reHeparopa 1,76 Mri4, tok aHOfla 
nawnbi l A =1 ,0-1 ,3 A, tok C6tkm l e1 = 100-150 mA, 
"k© U c2 =200-220 B, pacxofl 
o rasa Ar G=0, 07-0,08 r/c. 
AaBneHMe p=50-80 Ha. paccTOflHwe AO aepxHero 
BMTKa HHAyKTopa 6 paBHo 120-150 mm a TeneHHe 
10 mmh, B npoqecce o6pa6o™n TeMnepaTypa 
noflno>KKM 1 noflHUMaeTca ao 250-300 °C u 
noBepxHOCTb noAnoKKH 1 OHWiiiaeTCH H 
MOAwcpMUnpyerea 3aTeM HHAyKTop 6 MeAneHHO 
onycKaroT v, B u,eHTpanbHoCi 30He nriaaMbi 
HaMMHaiOT pacnbineHne nocneAOBaTenbHO 
TuTaHa h OKCMAa TMTaHa. npouecc Hanbinenua 
npoxoAMT npn cneAyioiAWX pexuMax: tok aHOAa 

HanpflKeHue Ha ceTKe 002=140-200 B. pacxoA 
nna3Moo6pa3yK)LL(ero ra3a Ar G=0,07-0,08 r/c, 
AaeneHHe p=50-80 na, paccrasHwe ao BepXHero 
BMTKa HHAyKTopa 6 paBHo 150-200 mm b lexeme 
10 muh. 3to cooTBSTCTsyeT vaueneniMC 
BHyrpeHHMX xapaicrepucraK paapnaa M 
nna3MeHHOi< crpyH - n e =10 15 -10' 9 M" 3 , P p = 0,1 
AO 4 kBt, jj=15-25 A.M' 2 , Wj=10-30 SB, 
q T =5.10 2 -5.10 3 Bt.m" 2 , rAe n e - KOHL^eHTpat^MH 
anetrrpoHOB, P p - MOiAHOcTb pa3pHAa, j i - 
i nocTynaramero Ha 



HOBepXHOCTb, 



3Heprns MOHOB, 



a noAnowKy OHaMa 
OflHMW ot HHAyKTopa 6, paBHOM 170 - 190 
tacTHHHO nponycKaiomMM cbst cnoK 2 H3 
la reoMeTpHnecKoCi TonmiMHoCi 0,028 - 0,03 



raniAHHa cnon cocTaBARST 0,04-0,045 mkm, 
noKaaaTenb nomoLueHWH - 0,17-0,2. TonmkiHbi 
c/ioeB KOHTponnpyioT no BpeMeHM HaHeceHMH. 
TexHonorn4ecKn(i npouecc 
HeoTpa>KaioLAero HeCiTpaAbHoro 
cpHAbTpa cocTaBTineT 0,5 H. HHTerpanbHbifi 

K03CpCpML|M6HT OTpaWeHMR nOAyHSHHOTO 

HeoTpajKaKjinero HeCiTpanbHoro onTWHecKoro 
cpH/ibTpa nMseT BenMMHHy MeHee 1%, npw 
K03(pct>HuneHTe nponycKaHHs okotio 10%. 

OopMyna H3o6peTeHHfl: 

HeoTpawaiotAMCi HefiTpanbHbiPi onTWHeCKHti 
cpMfibTp, BKniOHaiomwii npoapaHHyio b 
cneKTpanbHOM AHanasoHe 0,4-0,7 mkm 
noAnoKKy, pacnonoweHHbiR Ha noAnowKe 



mto aHTHOTpaxaioiAHii Ci 
OKCHAa THTaHa TiO x r 



i nomomeHKi 
OKCMAa TuTaHa, paBHbiM 0,17-0,2. 
reoMeTpnqeoKne tojilumhu cnoeB i 

OKOHAa TMT3H3 C0CT3BA! 

0,028-0,03 m 0,04-0,045 M 
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